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Abstract
Background: Incomplete lateral compression fractures (including AO Type B2.1) are among the most common
pelvic ring injuries. Although the treatment of choice remains controversial, sacroiliac (SI) screws are commonly
used for the operative treatment of incomplete lateral compression fractures of the pelvic ring. However, the
disadvantages of SI screws include the risk of nerve root or blood vessel injury. Recently, tape sutures have been
found useful as stabilizing material for the treatment of injuries of the syndesmosis, the rotator cuff and knee
ligaments. In this current study, we aimed to test the biomechanical feasibility of tape sutures to stabilize the pelvis
in the setting of AO Type B2.1 injury.
Methods: Six human cadaveric pelvises underwent cyclic loading to compare the biomechanical stability of
different osteosynthesis methods in a B2.1 fracture model. The methods tested in this experiment were a
FiberTape® suture and the currently established SI screw. A 3D ultrasound tracking system was used to measure
fracture fragment motion. Linear regression was used to model displacement and stiffness at the posterior and
anterior pelvic ring.
Results: At the posterior fracture site, the FiberTape® demonstrated similar displacement (2.2 ± 0.8 mm) and
stiffness (52.2 ± 18.0 N/mm) compared to the sacroiliac screw (displacement 2.1 ± 0.6 mm, P > 0.999; stiffness
50.8 ± 13.0 N/mm, P > 0.999).
Considering the anterior fracture site, the FiberTape® again demonstrated similar displacement (3.8 ± 1.3 mm)
and stiffness (29.5 ± 9.0 N/mm) compared to the sacroiliac screw (displacement 2.9 ± 0.8 mm, P = 0.2196;
stiffness 37.5 ± 11.5 N/mm, P = 0.0711).
Conclusion: The newly presented osteosynthesis, the FiberTape®, shows promising results for the stabilization
of the posterior pelvic ring in AO Type B2.1 lateral compression fractures compared to a sacroiliac screw
osteosynthesis based on its minimal-invasiveness and the statistically similar biomechanical properties.
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Introduction
Fractures of the pelvic ring are frequently seen, espe-
cially in polytrauma patients or geriatric patients with
poor bone quality [1–3]. Incomplete lateral compression
fractures (including AO Type B2.1) are among the most
common pelvic ring injuries [4, 5]. The standard treat-
ment of the incomplete lateral compression pelvic ring
fracture is controversially discussed, ranging from con-
servative treatment to surgical care [5, 6]. As a standard
concept, the sacroiliac screw (SI screw) fixation is part
of the operative care and has shown sufficient biomech-
anical stability [7–9]. But the disadvantages of this
method include nerve root and/or blood vessel damage
in case of misalignment of the screw [9, 10]. If two
sacroiliac screws are used (S1 and S2), there is an even
higher risk of damaging the nerve roots S1/S2 with the
second S2-screw [11]. Furthermore, the necessity to com-
promise the intact sacroiliacal joint in the process of fixing
the lateral sacral fracture is questionable. Regarding this
problem, a variety of operating methods have been re-
cently developed to stabilize sacral fractures [2, 9, 12, 13].
Recently, tape sutures have proven to be a stabilizing
method for syndesmotic injuries in the ankle joint, for in-
juries to the rotator cuff of the shoulder or for ligamental
knee injuries [14–16]. Similar to the recently described
transiliac internal fixator (TIFI), which is installed to the
posterior superior iliac spine, one could insert a tape
suture through this anatomical structure to minimal-
invasively stabilize the posterior pelvic ring [12, 13, 17].
The disadvantage of the transiliac internal fixator lays
in the possible disturbance of the soft tissue structures
dorsal of the posterior superior iliac spine [17]. By using
a tape suture one could possibly avoid this issue. An-
other advantage of a tape suture represents the higher
flexibility of the tape compared to the rigidity of a screw.
In ankle surgery, a tape suture performs a semi-rigid
transfixation of the tibiofibular joint allowing micromo-
tions in movement [18].
In this study, we assume that a tape suture will per-
form the semi-rigid transfixation of both sacroiliac
joints. In addition, when inserting a tape suture in the
posterior superior iliac spines, no relevant nerve struc-
ture is endangered.
For this reason, we performed a biomechanical ana-
lysis on 6 fresh frozen cadaver pelvises to analyze the
stability of the tape suture applied to the posterior pelvic
ring compared to a sacroiliac screw.
Material and methods
Material
A total of 6 human cadaver pelvises collected between
January 2016 and April 2017 were used in this study
with the approval of our institution’s ethics committee
and the approval of the donors’ relatives given prior to
the experiments. Only intact pelvises without any preex-
isting damage to the musculoskeletal structure, a tumor,
or tuberculosis disease was included in this study. The
characteristics of the pelvises are displayed in Table 1.
Methods
Prior to any processing, the bone density of all pelvises
was measured with a qCT scan using the fourth and fifth
lumbar vertebrae (Table 1).
The pelvises were unfrozen 1 day prior to their experi-
ment. On the day of the experiment, each pelvis was
heated in a water bath at roughly 35 °C for 30 min in
order to approximate body temperature.
Once heated, the tissue covering the spots needed to
install the experiments equipment (Fig. 1a) was dis-
sected; however, the dissection was kept as little as pos-
sible to preserve ligamental structures.
After the removal of the tissue, each pelvis was
mounted on the testing machine and the 5-step protocol
(Table 2) was applied. The first test served as a reference
measurement of the intact pelvis (Trial 1: ‘reference’).
Secondly, an AO type B2.1 fracture was created in
accordance with the AO classification, consisting of a
partial sacral fracture reaching from the superior margin
of the sacrum until the height of the second sacral neu-
roforamen and of the anterior fracture consisting of an
ipsilateral anterior pelvic ring fracture.
Next, the fixation methods were applied with the either
tape suture (FiberTape 2mm, Arthrex, Naples, FL, USA)
spanning between both posterior superior iliac spines
(Fig. 1b) or the 6.5mm× 70mm cannulated, partially
threaded sacroiliac screw (DePuy Synthes, Umkirch,
Germany) being inserted into the first sacral vertebrae (S1).
For the insertion of the tape suture (FiberTape®), two
osseous channels were drilled through both posterior su-
perior iliac spines, beginning from the fracture site using
a high speed drill. The drill went through the contralat-
eral posterior superior iliac spine from medial to lateral
to achieve an osseous channel in the same direction as
on the ipsilateral site. The FiberTape® was then threaded
through the bony holes and a metal washer (DogBone®-
Table 1 Characteristics of the specimens
Pelvis Age (years) Sex BMD (mg Ca-Ha/ml)
1 74 Male 104.6
2 72 Male 113.7
3 25 Male 151.7
4 67 Male 63.2
5 60 Male 121.6
6 65 Male 133.7
Mean 60.5 ± 18.1 114.8 ± 30.1
Median 66 117.7
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Button, Arthrex, Naples, FL, USA) first on the contralat-
eral site. Both ends were pulled back through the osse-
ous channel with the tape consequently spanning
between both iliac spines. The ipsilateral ends were then
threaded through a second DogBone®-Button and manu-
ally surgically tied. Consequently, both metal washers
were lying on the lateral sides of the osseous channels
on each iliac spine (Fig. 1b).
For the S1 screw, the following technique was used.
The S1 partially threaded screw was inserted under
fluoroscopic control on the fractured site using the S1-
corridor above the first neuroforamen, with at first dril-
ling of a Kirschner-wire and secondly inserting the screw
using the previously drilled K-wire.
Finally, the pelvises were set up in the testing machine.
Methods of assessment
In this study, we used an all-electric testing machine
(Instron ElectroPulsTM E10000 Linear-Torsion, Nor-
wood, MA 02062-2643, USA) and a 3D-ultrasound
measuring system (Zebris CMS20, Gilching, Germany)
for the recording of all data.
The ultrasound system consisted of 3 sensors that
were placed onto the pelvis as seen in Fig. 1 and a trans-
ducer that was positioned 50 cm anteriorly to the pel-
vis. The unilateral embedding of the femur into a
metal cylinder containing epoxide resin allowed the
simulation of a single leg stance while the superior
clamp dissembled a spherical joint.
For the conduction of the experiment, a 5-step
protocol was applied according to McDonald et al.
[19] (Table 2).
Every 30 ms, the position of all sensors was recorded,
allowing the calculation of the relative distances between
the sensors at any time. These distances were then used
for the statistical analysis.
Statistical analysis
We used linear regression to model the magnitude of
displacement between the fracture fragments represent-
ing the functionality of the stabilizing techniques used:
native pelvis (reference), SI screw, and FiberTape®. Clus-
tered standard errors were calculated using the Huber-
White method. Pairwise comparisons were carried out
using t tests. The Bonferroni method was used to adjust
the P values for multiple comparisons. For all tests, α
was set to 0.05. Descriptive statistics are presented as
mean ± standard deviation (SD) wherever appropriate.
Results
At the posterior fracture site, the FiberTape® demon-
strated similar displacement (2.2 ± 0.8 mm) and stiffness
(52.2 ± 18.0 N/mm) compared to the sacroiliac screw
(displacement 2.1 ± 0.6 mm, P > 0.999; stiffness 50.8 ±
13.0 N/mm, P > 0.999) (Table 3) (Fig. 2).
Considering the anterior fracture site, the FiberTape®
again demonstrated similar displacement (3.8 ± 1.3 mm)
and stiffness (29.5 ± 9.0 N/mm) compared to the sacro-
iliac screw (displacement 2.9 ± 0.8 mm, P = 0.2196;
stiffness 37.5 ± 11.5 N/mm, P = 0.0711) (Table 3) (Fig. 3).
Fig. 1 a Positioning of the pelvis onto the testing rig. b FiberTape® spanning the posterior superior iliac spines
Table 2 Test protocol
Step 1 Loading up to 150 N
Step 2 Holding at 150 N for 30 s
Step 3 Periodic loading: 20 cycles with a frequency
of 0.25 Hz between 150 N and 250 N
Step 4 Holding at 250 N for 135 s
Step 5 System back to its original position of + 28mm
Becker et al. Journal of Orthopaedic Surgery and Research          (2019) 14:465 Page 3 of 6
Discussion
The treatment of incomplete posterior pelvic ring frac-
tures (AO type B2.1) can be performed by various con-
servative and surgical procedures [20–23]. However,
conservative therapy shows significantly longer immobil-
ity and an increased level of pain [24]. The most fre-
quently surgical method used is percutaneous sacroiliac
screw fixation [20]. The advantages are the percutaneous
approach with a short operation time and minimal soft
tissue injury [20, 25–27]. However, this type of osteo-
synthesis also has various risks. Due to the complex
geometry of the pelvis, a high degree of expertise is re-
quired to ensure exact placement of the screw [28].
Osteosynthesis performed with conventional x-ray often
show an insufficient representation of anatomical struc-
tures, especially in obese patients, in patients with intes-
tinal gas overlay or when positioning a screw in the S2
segment. Thus, screw malposition can be seen in 2 to 68%
of patients treated with S1/S2 screw fixation, whereas
neurologic symptoms are seen in 0.5 to 7.9% [29, 30].
Methods such as plate osteosynthesis or internal fixation
with pedicle screws have a significantly higher morbidity
due to the open approach or often lead to irritation of the
soft tissue, which can cause problems such as lesions of
the skin or pain in the area of the iliac bone [23, 25].
Minimally invasive posterior tension banding with su-
ture tape through the posterior superior iliac spines is a
newly introduced method for stabilizing the posterior pel-
vic ring. This procedure is a minimally invasive fixation
method with a sufficient posterior fracture stabilization
without implanting any soft tissue disturbing components
such as pedicle screw constructs. In addition, the extra-
sacral position avoids an injury to the sacral nerve roots.
Compared to SI screw fixation, tension banding does not
compromise the intact SI joint. We assume that this semi-
rigid fixation method also allows physiological mobility in
the SI joint, so that removal of osteosynthesis implants is
not necessary and there is no danger of stiffening of the
joint. Positioning of the drill holes in the posterior super-
ior iliac spine is usually easy to determine from the ana-
tomical landmarks or to visualize in X-rays. This means
that no special equipment such as 3D x-ray or navigation
system is required to ensure correct positioning of the im-
plants. We think that the radiation exposure and the
Table 3 Mean displacement and stiffness measurements for pelvic fractures fixed with either an SI screw or with FiberTape. The P
value shown is for the difference between both groups
Reference FiberTape® Sacroiliac screw P value
Mean displacement (mm) Posterior 2.3 ± 0.5 3.2 ± 0.9 3.0 ± 0.5 > 0.999
Anterior 2.2 ± 0.4 4.5 ± 1.5 3.6 ± 0.6 0.2196
Mean stiffness (N/mm) Posterior 44.2 31.7 32.8 > 0.999
Anterior 46.5 24.1 28.9 0.0711
Fig. 2 a, b Average displacement and stiffness measurements at the posterior fracture site
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surgical demands are also lower in this minimally invasive
procedure compared to standard sacroiliac screw fixation.
Our biomechanical results showed no significant dif-
ference between screw fixation and minimally invasive
posterior pelvic tension banding considering the disloca-
tion of both the anterior and the posterior fracture gap
under cyclic loading. Using the FiberTape®, the disloca-
tion of the posterior pelvic ring was 0.2 mm higher (3.2
mm ± 0.9) than with the sacroiliac screw (3.0 mm ± 0.5),
however not significantly. Considering the anterior pel-
vic fracture, the dislocation using the FiberTape® was
0.9 mm higher than the sacroiliac screw fixation, but
again not significantly. With a resolution of the ultra-
sound measuring system of 0.1 mm, we showed that the
stabilization of the posterior pelvic ring with a minimally
invasive tension banding achieves a comparable stability
as a sacroiliac screw. The effect of a higher dislocation
of the anterior pelvic fracture as seen in the FiberTape®
group could also be seen in conservatively treated pelvic
fractures type B 2.1 without any problems in bone heal-
ing of the anterior pelvic ring in patients under 65 years
[31]. We therefore assume that the slightly increased dis-
location at the anterior pelvic ring using tape suture for
posterior pelvic ring stabilization is not clinically rele-
vant. The incomplete sacral fracture is good controlled
with the extra-sacral implanted tape suture. But we think
in higher unstable and dislocated fractures especially at
the anterior pelvic ring and complete sacral fractures, the
tape suture could not prevent opening of the anterior sa-
cral fracture, as well as the anterior pelvic ring fracture.
Thus we, think that our described method does work best
in incomplete sacral fractures. Pain control in the sacral
area is the most relevant clinical aim in incomplete poster-
ior pelvic ring fracture or insufficiency fractures [32]. In
our opinion, a tape suture on patients with incomplete
posterior pelvic fracture could be a feasible minimally in-
vasive treatment option for alleviating pain.
In the results presented here, we showed that the
stabilization of the posterior pelvic ring was sufficiently
achieved by minimally invasive dorsal tension using tape
suture.
Conclusion
The newly presented osteosynthesis of the posterior su-
perior iliac spine using FiberTape® shows promising re-
sults for the stabilization of the posterior pelvic ring in
AO Type B2.1 lateral compression fractures of the pelvis
when compared to sacroiliac screw osteosynthesis. Fur-
ther advantages of the technique presented here are the
lack of the necessity of implant removal, lower surgical
demands, and lower risk of injury to relevant neural or
vascular structures of the patient.
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